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Description 

[0001] The present invention relates to a spatial light 
modulator. The present invention also relates to a direc- 
tional display such as an autostereoscopic display. The 
invention further relates to a directional light source, for 
instance for use in directional displays. 
[0002] A known type of autostereoscopic three di- 
mensional (3D) display is shown in Figure 1 of the ac- 
companying drawings. The display comprises a spatial 
light modulator in the form of a liquid crystal device 
(LCD) 1 associated with a parallax element in the form 
of a parallax barrier 2. The LCD 1 comprises a plurality 
of picture elements (pixels) arranged as a two dimen- 
sional (2D) array. The pixels are formed in a liquid crystal 
layer 3 and are configured as groups of columns of pix- 
els. Each group is associated with a vertically oriented 
slit 4 of the parallax barrier 2. The groups of columns 
may comprise two or more columns and each column 
is arranged to display a vertical slice of a respective 2D 
image. The display is illuminated by a suitable backlight 
(not shown) in the direction of arrow 5 and the parallax 
barrier slits 4 produce cones of light, in the form of wedg- 
es, corresponding to the columns of each group. In view- 
point corrected displays, these light wedges overlap to 
define left and right viewing zones for the left and right 
eyes, respectively, of an observer. Thus, provided the 
eyes of the observer remain in the correct viewing 
zones, the observer can perceive a 3D image. 
[0003] In order to provide greater viewing freedom for 
the observer, it is known to provide an observer tracking 
display in which the viewing zones move so as to track 
the observer within a permissible range of movement. 
In the type of display shown in Figure 1, this may be 
achieved by means of a mechanical tracking system. 
Such a system measures the position of the observer 
and moves the parallax barrier 2 laterally with respect 
to the LCD 1 so that the eyes of the observer remain 
within the correct viewing zones. However, such ar- 
rangements require movement of optical components 
and this increases weight and power consumption of the 
display while reducing its ruggedness. For a display 
which provides two viewing zones, each eye of the ob- 
server sees a maximum of half the number of pixels of 
the LCD 1, both in the 3D mode and in a 2D mode of 
the display where both eyes see the same image infor- 
mation. Therefore, in the 2D mode, half of the LCD res- 
olution is effectively wasted. 

[0004] It is also possible to provide an observer track- 
ing autostereoscopic 3D display without moving parts, 
for instance as disclosed in EP 0 721 131 and EP 0 726 
482. However, such displays allow each eye of the ob- 
server to see only one third of the pixels of the LCD in 
both 3D and 2D modes of operation. 
[0005] A conventional parallax barrier 2 essentially 
comprises an opaque plate or layer having light-trans- 
missive slits 4 formed parallel to each other and evenly 
spaced. The slits extend vertically for providing lateral 



parallax. However, the passive parallax barrier 2 may 
be replaced by an active parallax barrier, for instance as 
disclosed in JP 03-1 1 9889. The active barrier comprises 
a twisted nematic (TN) LCD having vertically striped 

5 electrodes and interelectrode gaps. The electrodes de- 
fine the pixels of the LCD whereas the interelectrode 
gaps define gaps between the pixels which remain sub- 
stantially unswitched irrespective of the electric fields 
applied to the TN liquid crystal by the electrodes. The 

10 pitches of the barrier and display SLMs are substantially 
equal. 

[0006] The LCD may be configured to provide normal- 
ly white or normally black operation. Figure 2 illustrates 
the magnified appearance of a small part of an LCD op- 

15 erated in the normally white mode. In particular, the LCD 
is arranged to act as a parallax barrier in that the verti- 
cally extending pixel 6 is controlled to be transparent so 
as to constitute a slit of the barrier whereas the pixels 
between the transmissive slits, such as 8, are controlled 

20 to be opaque. However, the unswitched regions 9 re- 
main partially or wholly transmissive. This prevents 
good contrast being achieved in what should be the 
opaque regions of the barrier and can result in crosstalk 
leading to undesirable visible artefacts in the 3D image 

25 seen by the observer. In order to display a 2D image, 
the whole of the parallax barrier 2 can be made substan- 
tially uniformly transmissive so that all of the pixels of 
the LCD are visible to both eyes of the observer and the 
full spatial resolution of the LCD can be used in such a 

30 2D mode. In this mode, the parallax barrier is effectively 
"switched out" unlike in the 2D mode of displays having 
non-switchable parallax barriers. 
[0007] Figure 3 illustrates the appearance of the ac- 
tive barrier 2 when configured to operate in the normally 

35 black mode. Operation in either the normally black mode 
or the normally white mode is fixed at the time of man- 
ufacture. Again, the pixel 6 is controlled to be transmis- 
sive so as to form a slit and the slits are separated by 
opaque regions. However, the vertical gap 10 between 

40 the pixels 6 and 7 cannot be controlled to be transmis- 
sive and may cause undesirable visible artefacts. As is 
well known, the normally black mode does not permit 
good extinction of polarised light in the black or opaque 
areas and provides a poorer viewing angle. Poor extinc- 

45 tion results in image leakage through the black areas 
which increases crosstalk in the 3D display mode of op- 
eration. In the full resolution 2D mode where all the slits 
are switched clear, the unswitched interelectrode re- 
gions remain substantially opaque so that display con- 

50 trast is reduced. However, a more serious problem is 
that Moire patterns are produced in the 2D mode be- 
cause of beating between the residual pattern of the un- 
switched interelectrode columns of the active barrier 2 
and the underlying structure of the LCD 1 . Further, there 

55 is increased diffraction from the barrier 2. 

[0008] A known display disclosed in a Sanyo press 
release entitled "2D/3D Switchable Display" issued on 
10th May, 1996 discloses a display which can be 
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switched between 2D and 3D modes in each of sixteen 
fixed zones. This is achieved by the use of a passive 
rear parallax barrier and an overlaid 4x4 segment elec- 
trically switchable diffuser in the form of a polymer dis- 
persed liquid crystal. 

[0009] A projection display in which the interelectrode 
gaps throughout the display are switched black ahead 
of operating time is disclosed in McDonnell 93. This is 
done to avoid using a separate black matrix layer. 
[0010] EP 0 540 137 discloses a 3D image display 
which has an electrically generated parallax barrier 
formed in an LCD. However, there is no substantial dis- 
closure of the structure or operation of such a parallax 
barrier. In particular, there is no disclosure in relation to 
controlling the liquid crystal in the gaps betwen elec- 
trodes. 

[0011] US 5 122 888 discloses a camera focusing 
plate containing a dynamic liquid crystal. A phased dif- 
fraction grating can be established in the liquid crystal 
by applying an electric field so as to rotate the molecules 
of the liquid crystal and change the refractive index to 
light passing through the liquid crystal in order to pro- 
duce a diffuser. There is disclosure of refractive index 
change at the gaps between electrodes by a leakage 
electric field but the resulting refractive index change is 
less than that which occurs in the liquid crystal at the 
electrodes and a sinewave refractive index profile is cre- 
ated. 

[0012] EP 0 586 098 discloses a light modulating ap- 
paratus for use in reconstruction of a one-dimensional 
hologram. The apparatus contains a number of pixels 
which ahve a small width in the horizontal direction but 
which are relatively tall. Driving elements for the pixels 
are provided at the ends of the pixels and are not placed 
between adjacent pixels. The apparatus is said to have 
a good resolution in the horizontal direction. However, 
there is no disclosure relating to switching of a display 
medium at gaps between electrodes. 
[0013] According to a first aspect of the invention, 
there is provided a spatial light modulator as defined in 
claim 1 . The spatial light modulator comprises a modu- 
lator region which is switchable between a clear mode, 
in which the region is of substantially uniform transmis- 
sivity, and a barrier mode, in which the region has a plu- 
rality of evenly spaced parallel transmissive strips ex- 
tending in a first direction and separated by continuous 
substantially opaque sub-regions, the region compris- 
ing picture elements defined by addressing electrodes 
separated by gaps, the modulator comprising means for 
switching the transmissivity of the gaps between the 
electrodes by fringing fields. 

[0014] The picture elements may comprise elongate 
picture elements defined by respective elongate ad- 
dressing electrodes extending in the first direction. The 
picture elements may be switchable together to opaque 
to define the sub-regions and may be spaced apart to 
define the transmissive slits. The gaps may be switch- 
able by the means between transmissive and opaque 



independently of the picture elements. 
[0015] The picture elements may comprise a two-di- 
mensional array of picture elements, each of which is 
independently switchable between transmissive and 

5 opaque. The gaps may be independently switchable be- 
tween transmissive and opaque. 
[0016] The modulator may comprise a liquid crystal 
device including a first layer of liquid crystal material. 
The first layer may comprise ferroelectric liquid crystal 

10 material, anti-ferroelectric liquid crystal material or su- 
per-twisted nematic liquid crystal material. The first layer 
may include an anisotropic dye. 

[0017] The addressing electrodes may comprise a 
passive matrix addressing arrangement. 

15 [0018] The opaque sub-regions may be reflective. 
[0019] According to a second aspect of the invention, 
there is provided a spatial light modulator as defined in 
claim 14. The spatial light modulator comprises a mod- 
ulator region which is switchable between a first mode, 

20 in which the region is arranged to supply light of a sub- 
stantially uniform first polarisation, and a second mode, 
in which the region is arranged to supply light of the first 
polarisation in a plurality of evenly spaced parallel strips 
and to supply light of a second polarisation, different 

25 from the first polarisation, in continuous sub-regions 
which separate the strips, the region comprising picture 
elements defined by addressing electrodes separated 
by gaps, the modulator comprising means for switching 
the transmissivity of the gaps between the electrodes 

30 by fringing fields. 

[0020] The second polarisation may be orthogonal to 
the first polarisation. 

[0021] According to a third aspect of the invention, 
there is provided a directional display comprising the 

35 modulator in accordance with the first or second aspects 
of the invention co-operating with an image display. 
[0022] The image display may comprise a further spa- 
tial light modulator. The further spatial light modulator 
may comprise a further liquid crystal device including a 

40 second layer of liquid crystal material. The display may 
comprise first and second substrates with the first layer 
therebetween and a third substrate with the second lay- 
er between the second and third substrates. The display 
may comprise a single polariser between the first and 

45 second layers. 

[0023] According to a fourth aspect of the invention, 
there is provided a directional light source comprising a 
modulator according to the first or second aspects of the 
invention co-operating with a diffuse light source. The 

50 light source may comprise a lenticular sheet having lent- 
icules extending in the first direction. 
[0024] It is thus possible to provide an SLM which is 
suitable for use in autostereoscopic and stereoscopic 
3D displays. For instance, in an autostereoscopic dis- 

55 play, the SLM may be operated in the barrier mode to 
define a parallax barrier having good contrast perform- 
ance and providing low levels of crosstalk. In the clear 
mode, substantially uniform transmissivity is provided 
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so that the full resolution of an associated image display 
may be used while Moire effects with the display struc- 
ture are substantially reduced or eliminated. In some 
embodiments, different areas of the SLM may be oper- 
ated simultaneously in the clear and barrier modes so 
that one or more parts of a directional display displays 
a 3D image and one or more other parts display a 2D 
image. Also, in some embodiments, the barrier mode is 
such that the positions of the transmissive slits can be 
electronically varied perpendicularly to the first direc- 
tion. Such an arrangement permits observer tracking 
with no moving parts in an autostereoscopic 3D display. 
For such an application, the SLM may be disposed ad- 
jacent the image display so as to control the positions 
of viewing zones. In an alternative arrangement, the 
SLM may be associated with a backlight to provide a 
directional light source emitting light in light beams or 
"wedges" whose direction can be controlled electroni- 
cally. 

[0025] The SLM does not have a black mask so that 
the manufacturing process is simplified. Full brightness 
is achieved in parts of the SLM which are controlled to 
be transmissive or "white" and the whole of the modu- 
lator region or user-selected parts thereof can be 
switched so as to be wholly clear or "white" without leav- 
ing residual black mask areas which would generate 
Moire patterns by beating with the similar pixel structure 
of an image display. 

[0026] It is possible to make use of "bistable"liquid 
crystal materials such as ferroelectric liquid crystals 
(FLC), anti-ferroelectric liquid crystals (AFLC) with a 
sharply defined electro-optic transition, and super-twist- 
ed nematic (STN) liquid crystals. This permits the use 
of passive matrix addressing so that there are no intere- 
lectrode opaque regions as in the case of active matrix 
addressing where electronic devices such as thin film 
transistors have to be located in the gaps between 
opaque addressing electrodes. Power consumption is 
also reduced so that the SLM is suitable for use in bat- 
tery powered displays such as lap top personal comput- 
ers (PC) and personal digital assistants (PDA). Such an 
SLM therefore has advantages of improved aperture 
and hence brightness, simplicity and reduced cost com- 
pared with twisted nematic (TN) techniques using thin 
film transistors, for instance as disclosed in JP 0 
3-119889, in addition to other advantages mentioned 
hereinbefore. 

[0027] The invention will be further described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 shows a horizontal cross section of a 
known type of autostereoscopic 3D display; 

Figure 2 illustrates the appearance of a represent- 
ative subregion of an SLM operating in the normally 
white mode to provide an electronic parallax barrier; 



Figure 3 illustrates the appearance of an SLM op- 
erating in the normally black mode to provide an 
electronic parallax barrier; 

5 Figure 4 shows a horizontal cross-section of part of 

an autostereoscopic 3D display constituting an em- 
bodiment of the invention; 

Figure 5 shows a horizontal cross section of an SLM 
10 constituting an embodiment of the invention; 

Figure 6 illustrates the appearance of the SLM of 
Figure 5 around one aperture during operation; 

15 Figure 7a is agraphof pulse length in microseconds 
against pulse amplitude in volts showing x-V curves 
for pixel and interpixel liquid crystal regions; 

Figure 7b is a graph of transmittance against volt- 
20 age illustrating pixel and interpixel switching; 

Figure 8 shows a horizontal cross section of a 3D 
display constituting an embodiment of the inven- 
tion; 

25 

Figure 9 illustrates in more detail the structure of the 
display shown in Figure 8; 

Figure 10 is a view similar to Figure 9 showing an 
30 alternative position of an internal polariser; 

Figure 11 is a view similar to Figure 9 in which an 
internal polariser is replaced by dye in a guest-host 
arrangement; 

35 

Figure 1 2 illustrates a suitable orientation of the rub- 
bing direction of the FLC barrier SLM with respect 
to the display SLM; 

40 Figure 1 3 illustrates a preferred tilt angle for a dyed 
FLC; 

Figure 1 4 illustrates a standard tilt angle for a dyed 
FLC; 

45 

Figure 15 shows the display of Figure 10 with a 
black mask in an alternative position; 

Figure 1 6 shows the structure of a 3D display using 
50 a directional backlight constituting an embodiment 
of the invention; 

Figures 17 to 22 correspond to Figures 4, 8 to 11 
and 15, respectively, but show alternative configu- 
55 rations of 3D displays having rear parallax barriers; 

Figure 23 shows the structure of a 3D display hav- 
ing a rear reflective parallax barrier; 
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Figures 24 to 26 illustrate alternative arrangements 
of reflective parallax barriers in an SLM; 

Figure 27a illustrates an electrode pattern for an 
SLM which is switchable between a barrier state 
providing fixed transmissive slits and a clear state; 

Figure 27b illustrates an electrode pattern for an 
SLM which is switchable in regions; 

Figure 28 illustrates an electrode pattern for an SLM 
which, in its barrier mode, provides slits whose po- 
sitions are controllable so as to permit observer 
tracking in a 3D display; 

Figure 29 illustrates an electrode pattern for an SLM 
permitting observer tracking and dynamically con- 
figurable 2D and 3D zones in a 3D display; 

Figure 30 illustrates a possible configuration of 2D 
and 3D zones on a display having the electrode pat- 
tern of Figure 29; 

Figures 31 and 32 illustrate two arrangements of 
temporally multiplexed 3D displays using an SLM 
of the type illustrated in Figures 8 and 18; 

Figure 33 illustrates use of an SLM of the type 
shown in Figure 5 to provide a steerable backlight 
in a temporally multiplexed 3D display; 

Figure 34 illustrates use of an SLM of the type 
shown in Figure 5 in a 3D display having spatial and 
temporal multiplexing; 

Figure 35 illustrates a display similar to Figure 34 
but with a rear parallax barrier; 

Figure 36 illustrates operation of a display of the 
type shown in Figure 8 for simultaneously tracking 
two observers; 

Figure 37 illustrates the appearance of an SLM of 
the type shown in Figure 5 for different observer 
tracking modes; and 

Figure 38 is a diagram illustrating the effect of slit 
width on window quality or crosstalk and brightness. 

[0028] Like reference numerals refer to like parts 
throughout the drawings. 

[0029] Figure 4 illustrates an autostereoscopic 3D 
display of the front parallax barrier type comprising an 
LCD 1 and an electronic parallax barrier in the form of 
an LCD 2. The LCD 1 may be of the same type as shown 
in Figure 1 and comprises a liquid crystal layer 3 which 
provide a 2D array of pixels for modulating light incident 
from a light source (not shown) in the direction 5 with 



spatially multiplexed 2D images recorded from different 
viewpoints. 

[0030] The LCD 2 is arranged and controlled so as to 
act as a parallax barrier providing the transmissive strips 

5 or slits such as 4. Each slit 4 is aligned with a group of 
columns of pixels with each column of the group display- 
ing a vertically extending strip of a respective 2D image. 
As described hereinafter, the LCD 2 has a barrier elec- 
trode pitch which is at least twice the pixel pitch of the 

10 LCD 1 . 

[0031] The structure of the LCD 2 is shown in more 
detail in Figure 5. The LCD 2 comprises a substrate 11 
carrying an electrode arrangement and alignment layer 
(not shown) and a substrate 12 which carries column 

15 electrodes 1 3 and an alignment layer (not shown). A liq- 
uid crystal layer 14 is disposed between the substrates 
1 1 and 1 2 and comprises FLC, AFLC, or STN liquid crys- 
tal as appropriate. In particular, the liquid crystal layer 
1 4 comprises sharp threshold liquid crystal material and 

20 is addressed by a passive matrix electrode arrangement 
including the column electrodes 13. The electrodes are 
transparent and may be made of indium tin oxide (ITO). 
There is no black mask. 

[0032] Figure 6 illustrates the appearance of a small 

25 part of the LCD 2 during operation. The LCD 2 has or- 
thogonally oriented input and output polarisers (not 
shown in Figure 5). In a barrier mode of operation, col- 
umn electrodes 1 5 and 1 6 apply electric fields to the ver- 
tically oriented elongate pixels so as to switch the pixels 

30 to their clear or transmissive state. The column elec- 
trodes 15 and 16 are substantially transparent but their 
outlines are shown in Figure 6 for the purpose of illus- 
tration. Further, fringing fields or suitable electrical puls- 
es are applied to the electrodes so that the interelec- 

35 trode gaps 17,18 and 1 9 are also switched to the trans- 
missive state. A vertically extending transmissive slit is 
therefore formed and evenly spaced parallel such slits 
are provided by suitably controlling the LCD 2 so as to 
form an electronic parallax barrier which in combination 

40 with the LCD 1 forms an autostereoscopic display. 
[0033] In the regions such as 20 and 21, the elec- 
trodes cause the pixels and the gaps between the pixels 
within the liquid crystal layer 14 to be switched to the 
opaque state. The edge portions 22 may also be 

45 switched to the opaque state so that the LCD 1 acts as 
a parallax barrier comprising a plurality of parallel evenly 
spaced continuously transparent slits separated by con- 
tinuously opaque regions such as 20 and 21 . 
[0034] In the clear mode of operation, the electrode 

50 arrangement including the electrodes 13, 15 and 16 
supplies fields such that the whole of the liquid crystal 
layer 14 is switched to the clear or transmissive state. 
The LCD 2 is thus continuously and substantially uni- 
formly transmissive throughout its modulating region. In 

55 this clear mode of the LCD 2, the display operates as a 
full resolution 2D display. 

[0035] The LCD 2 provides good viewing angle per- 
formance and good contrast performance without any 
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of the visual artefacts illustrated in Figures 2 and 3. 
Thus, when used in the autostereoscopic 3D display 
shown in Figure 4, low levels of crosstalk are achieved 
in the 3D mode. In the 2D mode, visual artefacts such 
as Moire beating with the pixel structure of the LCD 1 
are greatly reduced or eliminated compared with ar- 
rangements incorporating black masks, unswitched 
gaps between electrodes or opaque addressing elec- 
trodes within the parallax barrier LCD. 
[0036] The parts of the liquid crystal layer 14 in the 
gaps between the electrodes such as 1 3 have their own 
switching characteristics as illustrated in Figure 7a, 
which is x-V graph for pulses applied to the addressing 
electrodes. The region of the x-V plane indicated by A 
is the switching region for the pixel whereas a region C 
is the switching region for an adjacent interelectrode 
gap. Both the pixel and the interelectrode gap are 
switched in the region B whereas neither is switched in 
the region D. 

[0037] The curves shown in Figure 7a relate to an ar- 
rangement having a 4 micrometre interelectrode or in- 
terpixel gap with 50 micrometre pixels. 
[0038] In the case of 2D matrix electronic parallax bar- 
riers, both horizontal and vertical gaps exist. The switch- 
ing characteristics of the horizontal and vertical gaps 
can be different if they have a different orientation with 
respect to the rubbing or alignmentdirection of the liquid 
crystal. Thus, the horizontal and vertical gaps and the 
pixel can be controlled as required. 
[0039] The gaps may be switched to be entirely 
opaque or clear in a separate addressing phase. Alter- 
natively, appropriate data and strobe voltages may be 
applied to the same electrodes at different times in order 
to control the switching of the gap and the pixel inde- 
pendently. The width of the interpixel gaps may also be 
controlled so as to be appropriate for allowing switching 
by fringing fields of adjacent electrodes. For this pur- 
pose, the interpixel gap is preferably between 0.1 and 
30 micrometres, and more preferably between 1 and 5 
micrometres. The addressing signals are arranged such 
that both the pixels and the interelectrode gaps are 
switched in a binary fashion. Thus, no black mask is re- 
quired to achieve high contrast and low cross talk. In the 
full resolution 2D mode, the liquid crystal layer 1 4 is con- 
trolled so that light is transmitted through all parts of the 
LCD 2. Thus, there is no or substantially no generation 
of Moire patterns. 

[0040] The LCD 1 shown in Figure 4 comprises sub- 
strates 25 and 26 in addition to the pixellated liquid crys- 
tal layer 3. The substrates 11, 12, 25 and 26 typically 
comprise glass of thickness 0.7 millimetres In addition, 
at least one polariser typically of 0.2 millimetres thick- 
ness is disposed between the liquid crystal layers 3 and 
14. For a high resolution display panel, for instance of 
the XGA type having 1024x768 colour pixels, the pitch 
of the pixels in the layer 3 is typically 80 micrometres. 
As described hereinbefore, the 3D display produces 
viewing zones for the eyes of the observer and the wid- 



est parts of these viewing zones are disposed in a plane 
parallel to the display and are referred to as viewing win- 
dows. Typically, viewing windows of the order of 65 mil- 
limetres corresponding to the typical interocular dis- 

5 tance are provided in the plane which is the nominal or 
best viewing distance for the display. This gives rise to 
a viewing distance of the order of 850 millimetres. This 
is relatively large for displays, for instance, of less than 
12 inch diagonal size. 

w [0041] In this example, the pitch of the electrodes in 
the LCD 2 is preferably less than 40 micrometres and 
more preferably less than 11 micrometres. 
[0042] Figure 8 illustrates a display of the type shown 
in Figure 4 but in which one of the middle substrates 

15 such as 26 has been eliminated. The display is formed 
as a single device with the substrate 11 being common 
to the LCDs 1 and 2. The consequent reduction in thick- 
ness between the layers 3 and 14 results in a nominal 
viewing distance of the order of 350 millimetres, which 

20 is more acceptable particularly for displays whose diag- 
onal size is less than 12 inches. 

[0043] Figure 9 shows the structure of the display of 
Figure 8 in more detail. The display comprises an input 
polariser 30 for the LCD 1 , an internal polariser 31 which 

25 acts as an output polariser for the LCD 1 and an input 
polariser for the LCD 2, and an output polariser 32 for 
the LCD 2. The polarisation absorbing directions of the 
polarisers are indicated by a dot for a direction normal 
to the plane of Figure 9 and by an arrow for a direction 

30 parallel to the plane of Figure 9. 

[0044] The LCD 1 further comprises a black mask 33 
which covers, for instance, semiconductor structures 
forming part of the LCD addressing circuitry and which 
is disposed on or adjacent the substrate 1 1 between the 

35 substrate and the internal polariser 31 . The substrate 
25 carries a pixel structure defining layer, for instance 
in the form of a 2D array of electrodes. Examples of dif- 
ferent configurations for defining different pixel configu- 
rations are shown at 34 and 35. Suitable colour filters 

40 (not shown) may also be provided. The arrangement 34 
comprises a conventional rectangular array of elec- 
trodes defining a corresponding array of pixels. The ar- 
rangement 35 defines an arrangement of the type dis- 
closed in EP 0 625 861 such that adjacent columns of 

45 pixels are horizontally substantially contiguous. 

[0045] The substrate 12 carries a parallax structure 
defining layer 36 in the form of parallel vertically extend- 
ing column electrodes. Examples of electrode arrange- 
ments are described hereinafter. 

50 [0046] The polarisers 30 and 31 have substantially or- 
thogonal polarising directions. Similarly, the polarisers 
31 and 32 have orthogonal polarising directions. Oper- 
ation of the LCD 1 will now be described for the case of 
the TN liquid crystal effect. Light from an unpolarised 

55 Lambertian light source (not shown) is linearly polarised 
by the input polariser 30 and passes to the liquid crystal 
layer 3. The pixels of the layer 3 selectively rotate the 
polarisation of light passing therethrough and the inter- 
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nal polariser 31 analyses the output polarisation from 
the layer 3 in the known way for LCDs. Light passing 
through the LCD 1 is thus spatially modulated with spa- 
tially multiplexed 2D images. 

[0047] In the autostereoscopic 3D mode, the LCD 2 
is controlled so that transmissive slits 4 are provided and 
are separated by horizontally contiguous opaque re- 
gions such as 37 and 38. In particular, the region 4 ro- 
tates the linearly polarised light from the polariser 31 by 
an amount which is preferably 90 degrees so that the 
output light passes through the output polariser 32. The 
regions 37 and 38 are controlled so as not to rotate the 
polarisation of light from the internal polariser 31 so that 
the output polariser 32 blocks the light. 
[0048] The transmissive slit 4 is effectively aligned 
with pixel columns indicated at 39, 40 and 41 . The LCD 
2 thus acts as a parallax barrier and provides a number 
of output light cones of wedge-shape (typically two) in 
which light from the pixel columns 39, 40 and 41 is di- 
rected. This arrangement is repeated with the relative 
pitches of the pixel columns of the LCD 1 and the pixels 
of the LCD 2 being such that a viewpoint corrected dis- 
play is provided and results in the viewing zones and 
viewing windows described hereinbefore. An observer 
whose eyes are disposed in two adjacent viewing zones 
therefore sees an autostereoscopic 3D image. Each eye 
of the observer sees typically half of the pixels of the 
LCD 1 so that the individual 2D images typically have 
half of the spatial resolution of the LCD 1 . 
[0049] In the 2D mode, the layer 36 causes the whole 
of the liquid crystal layer 1 4 to be switched to a substan- 
tially uniformly transmissive state. The parallax barrier 
thus "disappears" and the LCD 2 becomes substantially 
invisible to an observer. Thus, both eyes of the observer 
see the whole of the LCD 1 which may therefore display 
2D images at the full spatial resolution of the LCD 1 . The 
absence of opaque regions such as black masks or 
opaque electrodes in the LCD 2 substantially eliminates 
Moire patterns caused by beating with the structure of 
the LCD 1 . The ability to produce a clear unadulterated 
barrier state permits a full resolution 2D mode which is 
artefact free to be provided. 

[0050] The display shown in Figure 10 differs from 
that shown in Figure 9 in that the internal polariser 31 is 
disposed between the substrate 1 1 and the liquid crystal 
layer 1 4. Such an arrangement may be favoured by fab- 
rication requirements and operates in the same way as 
the display of Figure 9. 

[0051] Figure 11 illustrates an arrangement in which 
the internal polariser 31 is omitted and the layer 1 4 com- 
prises FLC incorporating a dye which is aligned with the 
liquid crystal in a guest-host arrangement. The absorb- 
tion performed by the dye eliminates the need for an in- 
ternal polariser. 

[0052] Light from the unpolarised source is polarised 
by the input polariser 30 and modulated by the liquid 
crystal layer 3. Depending on the required grey scale 
level, the pixels of the liquid crystal layer 3 change the 



input light to proportions of wanted (W) and unwanted 
(UW) light polarisations. In order for the grey scale con- 
tent to be visible, the proportion of unwanted polarisa- 
tion must be extinguished for all barrier pixels and this 
5 is ensured by the output polariser 32. The proportion of 
wanted polarisation must also be extinguished for the 
pixels of the layer 14 which are switched to the opaque 
state but must be transmitted by the pixels switched to 
the clear or transmissive state. This is achieved by the 
10 effect of the dyed FLC in the layer 14. 

[0053] The output polarisation of a standard land- 
scape orientated panel TN active matrix LCD display is 
shown typically at 45° to horizontal as shown in Figure 
12. To make the best use of this light without unneces- 
15 sary losses, it is preferable to configure the LCD 2 using 
the FLC effect as illustrated in the bottom half of Figure 
11 . The polarisation of the LCD 1 is aligned with the po- 
larisation of the LCD 2 at their interface. The polarisers 
across the LCD 2 are substantially orthogonal. In this 
20 case, as illustrated, the rubbing direction of the FLC 
alignment layer is at substantially 22.5° to the horizontal 
and the FLC with usual cone angle of 45° (tilt angle 
22.5°) is used. In this mode, the FLC is switchable be- 
tween two stable states in which the LC molecule is 
25 aligned in the directions of the lines D1 and D2. In one 
state (off), the LC molecules are aligned with the input 
polarisation so that the LC layer has no net effect and 
the input light is extinguished by the output polariser. In 
the other state (on), the LC molecules are switched to 
30 D2 and in this position the anisotropic molecule func- 
tions as a waveplate which rotates the plane of polari- 
sation of the input light so as to allow substantial trans- 
mission of the input light through the LCD 2. Parallel po- 
larisers across the LCD 2 will give less contrast but high- 
35 er transmission. 

[0054] Figure 13 illustrates the preferred arrangement 
for the dyed FLC embodiments. The LCD 1 is configured 
as above but in this case the LCD 2 uses an FLC which 
incorporates a dichroic dye, preferably a black dichroic 
40 dye in a guest-host configuration. In this case the FLC 
has an unusually high tilt angle of 45 degrees. This is 
so that, in switching from D1 to D2, the FLC switches 
between aligned with and being orthogonal to orienta- 
tions to the input polarisation state. This maximises the 
45 difference between the on and off states in this embod- 
iment which does not require an internal polariser. 
[0055] Figure 14 illustrates that other tilt angles in- 
cluding the standard 22.5° are possible, but in these 
cases the light transmission is reduced compared with 
50 that shown in Figure 13. 

[0056] The LCD 1 may, for instance, be of the twisted 
nematic (TN) active matrix type with the black mask 33 
controlling the aperture of the pixels. The LCD 1 for im- 
age display may be replaced by other types of devices, 
55 such as plasma, plasma addressed liquid crystal 
(PALC), Field Emission Display and electroluminescent 
devices. 

[0057] The display shown in Figure 15 differs from 
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that shown in Figure 10 in that the layer 34, 35 is dis- 
posed between the liquid crystal layer 3 and the sub- 
strate 11 whereas the black mask 33 is disposed be- 
tween the layer 3 and the substrate 25. 
[0058] Figure 16 illustrates an autostereoscopic 3D 
display of the micropolariser type disclosed in EP 0 721 
132. The LCD 2 differs from that, for instance, shown in 
Figure 15 in that it has its own input polariser 40 and 
output substrate 12 but omits the output polariser 32. A 
lenticular sheet 41 comprising an array of parallel evenly 
spaced converging lenticules is disposed on the output 
face of the substrate 12 to form a backlight. The LCD 1 
of Figure 1 6 differs from that of Figure 9 in that it has no 
input or output polariser but has its own substrates 25 
and 26. 

[0059] The LCD 2 receives light 5 from an unpolarised 
Lambertian light source 5 which is polarised by the input 
polariser 40. In the 3D mode of operation, the contigu- 
ous backlight pixel structure defining layer 36 forms a 
plurality of contiguous pixels within the liquid crystal lay- 
er 14 which are elongate, vertical and parallel with al- 
ternate pixels supplying output light of orthogonal linear 
polarisations. The lenticular sheet 41 generates the 
viewing zones by directing light from the layer 14 into 
contiguous light cones or wedges which are modulated 
by the pixels of the LCD 1 . 

[0060] The display shown in Figure 16 may be used 
to track movement of an observer so that the viewing 
zones or windows are maintained at the eyes of the ob- 
server, who may therefore perceive a3D image through- 
out an enlarged viewing region compared with un- 
packed displays. The pixels of the LCD 2 are controlled 
in response to the position of the observer as detected 
by an observer tracking system. The adjacent orthogo- 
nally polarising pixels are effectively moved so that the 
viewing windows track movements of the observer. 
[0061] In the 2D mode, the pixels of the LCD 2 are 
controlled so as to provide light of uniform polarisation 
across the LCD 2. The observer may therefore view a 
2D image with the full spatial resolution of the LCD 1 . 
[0062] The display shown in Figure 17 differs from 
that shown in Figure 4 in that the optical order of the 
LCD 1 and the LCD 2 is reversed. This arrangement 
therefore acts as a rear parallax barrier 3D autostereo- 
scopic display but otherwise operates in the same way 
as the display of Figure 4. Similarly, Figure 1 8 illustrates 
a display which differs from that of Figure 8 in that it is 
a rear parallax barrier display. 

[0063] Figure 1 9 illustrates the structure of the display 
of Figure 18, which structure differs from that of Figure 
9 in the order of components. Operation is as described 
with respect to Figure 9. 

[0064] The display shown in Figure 20 differs from 
that shown in Figure 1 9 in that the internal polariser 31 
is disposed on the other side of the substrate 12. 
[0065] Figure 21 illustrates a display which differs 
from that shown in Figure 1 9 in that the internal polariser 
31 is omitted and the liquid crystal layer 14 contains a 



dye in a guest-host arrangement. Operation of the dis- 
play shown in Figure 21 is the same as that shown in 
Figure 11 . 

[0066] Figure 22 shows a display which differs from 
5 that shown in Figure 20 in that the positions of the layer 
34, 35 and the black mask 33 are interchanged. 
[0067] Figure 23 shows a display which differs from 
that shown in Figure 21 in that the layer 14 comprises 
a liquid crystal layer switchable reflector. Thus, light 
10 which would be absorbed by opaque pixels in the LCD 
2 of Figure 21 is reflected by the layer 14 in the display 
of Figure 23 for reuse. The efficiency of light use is there- 
fore improved. 

[0068] Figures 24, 25 and 26 illustrate embodiments 
15 in which the LCD 2 is implemented with a reflective as 
opposed to an absorptive barrier. This can improve the 
overall light efficiency of the rear parallax element em- 
bodiments. 

[0069] In Figure 24, the input light is converted to lin- 
20 ear polarisation by the polariser 30, then to circular po- 
larisation by a wideband quarter waveplate 50. The LCD 
2 has a layer 51 comprising a chirped pitch cholesteric 
switchable reflector. In the barrier mode, the layer has 
regions of cholesteric reflector and clear (non-choles- 
25 teric) states. Switching between these states is accom- 
plished as described hereinbefore. Circular polarisation 
light impinging on the cholesteric reflector is reflected 
whereas that impinging on the clear parts is transmitted. 
The transmitted light is then converted to linear polari- 
se sation by a quarter waveplate 52 so as to match the re- 
quired input polarisation state of the subsequent LCD 1 . 
The cholesteric state has a chirped pitch in order to re- 
flect circular polarisation over both a wide angle and a 
wide range of wavelengths. 
35 [0070] The embodiment of Figure 25 differs from that 
of Figure 24 by an alternative position for the linear po- 
lariser. 

[0071] In the embodiment of Figure 26, a layer 51a 
which contains a wide band diffractive reflector is used 
40 as the parallax generating element. The sheet reflector 
is enabled/disabled in regions required to be transmis- 
sive (so as to form a parallax SLM) by controlling the 
orientation of adjacent anisotropic LC molecules by an 
electric field in the manner described hereinbefore. The 
45 grating is disabled by switching the adjacent LC layer 
so that there is substantially no refractive index differ- 
ence between the oriented adjacent LC and the diffrac- 
tive reflector. This effectively washes out the grating 
which in these regions becomes invisible. In enabled re- 
50 gions, the adjacent LC is switched to an orientation in 
which there is a refractive index difference between the 
grating and the LC, thereby enabling the reflective func- 
tion of the grating. 

[0072] Figure 27a illustrates an electrode arrange- 
55 ment for the LCD 2 of Figure 5. A continuous plane coun- 
ter electrode 60 is disposed on the substrate 1 1 whereas 
the parallax structure defining layer 36 has the form of 
an electrode having formed therein a plurality of slits for 
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corresponding to the parallax barrier slits. The arrange- 
ment permits switching between the clear mode and the 
barrier mode in which the positions of the slits are fixed. 
The LCD may be switched from one state to another by 
applying a suitable signal (V on/off). 
[0073] Figure 27b illustrates an electrode arrange- 
ment for the LCD 2 having regions of shared electrodes 
which permits 2D/3D operation in a number of config- 
urable zones. Such SLMs are suitable for use with me- 
chanical tracking, for instance as disclosed in British 
Patent Application No. 9619097.0. 
[0074] The electrode arrangement shown in Figure 
28, comprises a continuous plane electrode 60 facing a 
plurality of parallel uniformly spaced column electrodes 
such as 61 . The pixels and interelectrode gaps may be 
switched individually by supplying suitable signals V1, 
V2, ... Vn to the individual electrodes which allows the 
slit locations of the barrier in the 3D mode to be moved 
so as to perform electronic tracking, for instance as de- 
scribed hereinafter. Also, full resolution 2D zones which 
extend the full height of the display may be combined 
with 3D zones by suitably controlling the signals sup- 
plied to the electrodes 61 . 

[0075] Figure 29 illustrates an XY passive matrix ad- 
dressing arrangement comprising column electrodes 
such as 61 and row electrodes such 62. 
[0076] Strobe signals Vr1 , Vr2, ... Vrn may be applied 
in sequence to the electrodes 62 so as to enter data in 
accordance with the column signals V1 , ... Vn a row at 
a time so as to refresh the mode of the display. The gaps 
between pixels may be controlled by fringing fields or by 
"frame ahead gap blanking". Alternatively, the gaps may 
be switched by different strobe and data voltages ap- 
plied to the same row and column electrodes and op- 
tionally to other row and column electrodes without al- 
tering the state of the adjacent pixels. 
[0077] The electrode arrangement illustrated in Fig- 
ure 29 may be used to provide any desired configuration 
of 2D and 3D image zones simultaneously. For instance, 
Figure 30 illustrates a 3D background 63 having 2D im- 
age zones 64, 65 and 66. In addition, the 2D zone 66 
has an inset 3D image zone 67. In the 3D zones, the 
corresponding pixels of the LCD 2 are controlled to pro- 
vide parallax barriers whereas the pixels in the regions 
of the 2D zones are controlled to be transmissive. 
[0078] The presence of the parallax barrier over the 
3D regions gives a difference in intensity between the 
2D and 3D zones which may be compensated for elec- 
tronically in the drive signal. Compensation by setting 
the 2D zones to an intermediate attenuating grey level 
may be used to achieve the same effect but is not ap- 
propriate for the LCD 2 when using binary switching ef- 
fects, for instance in the case of standard FLCs. The 
presence of a border around an inset 2D or 3D image 
zone prevents vertical parallax caused by the separa- 
tion of the LCDs 1 and 2 seen by a viewer above or be- 
low the axis of the display from making the edge pixels 
of an inset zone appear in the wrong image zone. 



[0079] Figure 31 shows a temporally multiplexed 3D 
autostereoscopic display in which the image LCD is a 
fast SLM, for instance of the FLC type, and the parallax 
barrier LCD is likewise of the fast switching type such 

5 as FLC. The middle part of Figure 31 illustrates the gen- 
eration of a left eye viewing window 70 during a first field 
in which image data of a first 2D image are displayed by 
the LCD 1. The windows are produced in a plurality of 
lobes as is known in 3D display technology. The slits 4 

10 of the parallax barrier formed by the LCD 2 are located 
in a first lateral position with respect to the pixels of the 
LCD 1. 

[0080] The lower part of Figure 31 illustrates genera- 
tion of right eye viewing windows 71 . In this case, a sec- 
15 ond field of image data representing an image to be 
viewed by the right eye of the observer is displayed by 
the LCD 1 . The LCD 2 is controlled so that the pixels 4 
have a different lateral position with respect to the pixels 
of the LCD 1. 

20 [0081] Figure 32 illustrates a temporally multiplexed 
display which differs from that shown in Figure 31 in that 
the optical order of the fast SLM 1 and the dynamic par- 
allax barrier LCD 2 are reversed. 
[0082] Figure 33 illustrates use of the steerable back- 
us light shown in Figure 1 6 in a temporally multiplexed dis- 
play. 2D image data are supplied in sequence to the fast 
SLM 1 and the LCD 2 is controlled such that light corre- 
sponding to each 2D image is directed to a respective 
one of the viewing windows 70 and 71 . 
30 [0083] Figure 34 illustrates an arrangement combin- 
ing spatial and temporal multiplexing to provide four 
viewing windows 72 to 75. During each field, two spa- 
tially multiplexed 2D images are displayed by the SLM 
1. Thus, two viewing windows 73 and 75 are provided 
35 in one field whereas two viewing windows 72 and 74 are 
provided in the next field. 

[0084] The display of Figure 35 differs from that 
shown in Figure 34 in that the optical order of the SLM 
1 and the barrier 2 is reversed. 

40 [0085] Simultaneous tracking of multiple observers is 
also possible. For instance, Figure 36 illustrates a dis- 
play of the type shown in Figure 9 for providing a pair of 
viewing windows for a first observer and another pair of 
viewing windows for a second observer. The creation of 

45 the individual viewing windows is shown in the middle 
and lower parts of Figure 36. 

[0086] The slits in the two fields of the displays shown 
in Figures 32 and 35 need not be contiguous with each 
other. Further, the width of the slits can be electrically 

50 adjusted to control brightness against viewing window 
quality, which is a measure of 3D crosstalk level. Figure 
38 illustrates this for a pixel aperture 76 of rectangular 
shape and for a narrow slit 77 and a wide slit 78. The 
variation of intensity with observer position for the slits 

55 77 and 78 is illustrated at 79 and 80, respectively. The 
profile 79 shows that the intensity of light is reduced but 
the window shape is better. For the wider slit 78, the 
corresponding intensity profile 80 shows greater inten- 
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sity but a worse window shape. 

[0087] Figure 37 illustrates different tracking modes 
for an LCD 2 of the type shown in Figure 5. Each slit is 
made up of a number of pixels and will be illustrated for 
the case of four pixels. The four pixels are controlled so 
as to be transparent. In order to track an observer as 
illustrated in the upper part of Figure 37, the pixels may 
be switched such that one pixel at one edge of the slit 
is switched to black as one pixel next to the other edge 
of the slit is switched to white. This provides one step 
tracking and minimises flicker. Optical performance is 
optimum for one step tracking in that undesirable visible 
artefacts are minimised and this therefore represents 
the normal operation. 

[0088] The middle part of Figure 37 illustrates two 
step tracking in which two pixels at one edge are 
switched to black as two pixels adjacent the other edge 
are switched to white. This mode of tracking allows for 
higher speed observer movements to be accommodat- 
ed. 

[0089] The lower part of Figure 37 illustrates jump 
tracking in which no pixels remain clear i.e. the location 
of the transmissive slit jumps so that there is no overlap 
between one slit position and the next slit position. This 
mode allows for extreme observer movement and for 
error recovery. 

[0090] It is thus possible to provide devices and dis- 
plays which may be used in 3D work stations, medical 
imaging, scientific visualisation, video games, video 
phones and 3D TV. 



Claims 

1. A spatial light modulator which comprises a modu- 
lator region comprising picture elements defined by 
addressing electrodes (13,15,16,36,61,62) sepa- 
rated by gaps (17-19) and means for switching the 
transmissivity of the gaps (1 7-1 9) between the elec- 
trodes by fringing fields and for switching the trans- 
missivity of the picture elements adapted to render 
the modulator region switchable between a clear 
mode, in which the region is of substantially uniform 
transmissivity, and a barrier mode, in which the re- 
gion has a plurality of even spaced parallel trans- 
missive strips (15-19) extending in a first direction 
and separated by continuous subregions (20, 21) 
of substantially opaque picture elements and gaps. 

2. A modulator as claimed in claim 1 wherein the pic- 
ture elements comprise elongate picture elements 
defined by respective elongate addressing elec- 
trodes extending in the first direction 

3. A modulator as claimed in claim 2, wherein the pic- 
ture elements are switchable together to opaque to 
define the sub-regions (20,21) and are spaced 
apart to define the transmissive slits. 



4. A modulator as claimed in claim 2, wherein the gaps 
(17-19) are switchable by the means between 
transmissive and opaque independently of the pic- 
ture elements. 

5 

5. A modulator as claimed in claim 1 , wherein the pic- 
ture elements comprise a two dimensional array of 
picture elements, each of which is independently 
switchable between transmissive and opaque. 

10 

6. A modulator as claimed in claim 5, wherein the gaps 
are independently switchable between transmis- 
sive and opaque. 

15 7. A modulator as claimed in any one of the preceding 
claims, wherein a liquid crystal device (2) includes 
a first layer (14) of liquid crystal material. 

8. A modulator as claimed in claim 7, wherein the first 
20 layer (14) comprises ferroelectric liquid crystal ma- 
terial. 

9. A modulator as claimed in claim 7, wherein the first 
layer (14) comprises anti-ferroelectric liquid crystal 

25 material. 

10. A modulator as claimed in claim 7, wherein the first 
layer (14) comprises super-twisted nematic liquid 
crystal material. 

30 

11. A modulator as claimed in any one of claims 7 to 
10, wherein the first layer (14) includes an aniso- 
tropic dye. 

35 12. A modulator as claimed in any one of the preceding 
claims, wherein the addressing electrodes (13, 15, 
16, 36, 60-62) comprise a passive matrix address- 
ing arrangement. 

40 13. A modulator as claimed in any one of the preceding 
claims, wherein the opaque sub-regions (20, 21) 
are reflective. 

14. A spatial light modulator which comprises a modu- 
45 lator region comprising picture elements defined by 
addressing electrodes separated by gaps, and 
means for switching the polarisation transmissivity 
of the gaps between the electrodes by fringing fields 
and for switching the polarisation transmissivity of 
50 the picture elements adapted to render the modu- 
lator region switchable between a first mode, in 
which the region is a substantially uniform supply of 
light of a first polarisation, and a second mode, in 
which the region is a supply of light of the first po- 
55 larisation in a plurality of evenly spaced parallel 
strips and of light of a second polarisation, different 
from the first polarisation, in continuous sub-regions 
which are formed picture elements and gaps and 
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which separate the strips. 

15. A modulator as claimed in claim 14, wherein the 
second polarisation is orthogonal to the first polari- 
sation. 

16. A directional display comprising the modulator (2) 
as claimed in any one of the preceding claims co- 
operating with an image display (1). 

17. A display as claimed in claim 1 6, wherein the image 
display (1 ) comprises a further spatial light modula- 
tor 

18. A display as claimed in claim 1 7, wherein the further 
spatial light modulator (1 ) comprises a further liquid 
crystal device including a second layer (3) of liquid 
crystal material. 

19. A display as claimed in claim 18, comprising first 
and second substrates (12, 11) with the first layer 
(14) therebetween and a third substrate (25) with 
the second layer (3) between the second and third 
substrates (11, 25). 

20. A display as claimed in claim 1 8 or 1 9 when not de- 
pendent on claim 11, comprising a single polariser 
(31) between the first and second layers (14, 3). 

21. A directional light source comprising a modulator 
(2) as claimed in any one of claims 1 to 15 cooper- 
ating with a diffuse light source (5). 

22. A directional light source as claimed in claim 21, 
comprising a lenticular sheet (41) having lenticules 
extending in the direction of the strips. 



Patentanspruche 

1. Raumlicher Lichtmodulator, welcher einen Modula- 
torbereich mit Bildelementen, die mittels durch Luk- 
ken (1 7-1 9) getrennte Adressierelektroden (1 3, 1 5, 
1 6, 36, 61 , 62) definiert sind, und Mittel zum Schal- 
ten des Transmissionsgrads der Lucken (17-19) 
zwischen den Elektroden durch Streufelder und 
zum Schalten des Transmissionsgrads der Bildele- 
mente umfasst, welcher geeignet ist, den Modula- 
torbereich zwischen einem Loschmodus, in wel- 
chem der Bereich einen im Wesentlichen einheitli- 
chen Transmissionsgrad hat, und einem Sperrmo- 
dus, in welchem der Bereich eine Vielzahl von 
gleichmaBig beabstandeten, parallelen, durchlassi- 
gen Streifen (15-19), die sich in einer ersten Rich- 
tung erstrecken und durch kontinuierliche Unterbe- 
reiche (20, 21 ) aus undurchsichtigen Bildelementen 
und Lucken getrennt sind, schaltbar zu machen. 



2. Modulator nach Anspruch 1 , bei welchem die Bild- 
elemente langliche Bildelemente, die durch jeweili- 
ge langliche, sich in der ersten Richtung erstrecken- 
de Adressierelektroden definiert sind, umfassen. 

5 

3. Modulator nach Anspruch 2, bei welchem die Bild- 
elemente miteinander undurchsichtig geschaltet 
werden konnen, urn die Unterbereiche (20. 21) zu 
definieren und beabstandet sind, urn die durchsich- 

10 tigen Schlitze zu definieren. 

4. Modulator nach Anspruch 2, bei welchem die Luk- 
ken (17-19) unabhangig von den Bildelementen 
durch die Mittel zwischen durchsichtig und un- 

15 durchsichtig geschaltet werden konnen. 

5. Modulator nach Anspruch 1 , bei welchem die Bild- 
elemente eine zweidimensionale Anordnung von 
Bildelementen umfassen, von denen jedes unab- 

20 hangig zwischen durchsichtig und undurchsichtig 
schaltbar ist. 

6. Modulator nach Anspruch 5, bei welchem die Luk- 
ken unabhangig zwischen durchsichtig und un- 

25 durchsichtig schaltbar sind. 

7. Modulator nach einem der vorhergehenden An- 
spruche, bei welchem eine Flussigkristallvorrich- 
tung (2) eine erste Schicht (14) aus flussigkristalli- 

30 nem Material umfasst. 

8. Modulator nach Anspruch 7, bei welchem die erste 
Schicht (14) ein ferroelektrisches, flijssigkristallines 
Material umfasst. 

35 

9. Modulator nach Anspruch 7, bei welchem die erste 
Schicht (14) ein antiferroelektrisches, flussigkristal- 
lines Material umfasst. 

40 10. Modulator nach Anspruch 7, bei welchem die erste 
Schicht (14) ein supertwisted-nematisches, flussig- 
kristallines Material umfasst. 

1 1 . Modulator nach einem der Anspruche 7 bis 1 0, bei 
45 welchem die erste Schicht (14) einen anisotropi- 

schen Farbstoff umfasst. 

12. Modulator nach einem der vorhergehenden An- 
spruche, bei welchem die Adressierelektroden (13, 

50 15, 16, 36, 60-62) eine Passivmatrix-Adressieran- 
ordnung umfassen. 

13. Modulator nach einem der vorhergehenden An- 
spruche, bei welchem die undurchsichtigen Unter- 

55 bereiche (20, 21) reflektierend sind. 

14. Raumlicher Lichtmodulator, welcher einen Modula- 
torbereich mit Bildelementen, die mittels durch Luk- 
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ken getrennte Adressierelektroden definiert sind, 
und Mittel zum Schalten des Polarisations-Trans- 
missionsgrads der Lucken zwischen den Elektro- 
den durch Streufelder und zum Schalten des Pola- 
risations-Transmissionsgrads der Bildelemente 
umfasst, welcher geeignet ist, den Modulatorbe- 
reich zwischen einem ersten Modus, in welchem 
der Bereich eine im Wesentlichen einheitliche Zu- 
fuhr von Licht einer ersten Polarisation ist, und ei- 
nem zweiten Modus, in welchem der Bereich eine 
Zufuhr von Licht der ersten Polarisation in einer 
Vielzahl von gleichmaGig beabstandeten parallelen 
Streifen und von Licht einer von der ersten Polari- 
sation verschiedenen zweiten Polarisation in konti- 
nuierlichen Unterbereichen, die aus Bildelementen 
und Lucken geformt sind und welche die Streifen 
trennen, ist. 

15. Modulator nach Anspruch 14, bei welchem die 
zweite Polarisation orthogonal zur ersten Polarisa- 
tion ist. 

16. Gerichtete Anzeige mitdem Modulator (2) nach ei- 
nem der vorhergehenden Anspruche, welcher mit 
einer Bildanzeige (1) zusammenwirkt. 

17. Anzeige nach Anspruch 1 6, bei welcher die Bildan- 
zeige (1 ) einen weiteren raumlichen Lichtmodulator 
umfasst. 

18. Anzeige nach Anspruch 17, bei welcher der weitere 
raumliche Lichtmodulator (1) eine weitere Flussig- 
kristallvorrichtung, einschlieBlich einer zweiten 
Schicht (3) aus flussigkristallinem Material, um- 
fasst. 

19. Anzeige nach Anspruch 1 8, welche erste und zwei- 
te Substrate (1 2, 1 1 ) mit der ersten Schicht (1 4) da- 
zwischen und ein drittes Substrat (25) mit der zwei- 
ten Schicht (3) zwischen den zweiten und dritten 
Substraten (11, 25) umfasst. 

20. Anzeige nach Anspruch 1 8 oder 1 9, wenn nicht von 
Anspruch 11 abhangig, mit einem einzelnen Polari- 
sator (31 ) zwischen den ersten und zweiten Schich- 
ten (14, 3). 

21. Gerichtete Lichtquelle mit einem Modulator (2) 
nach einem der Anspruche 1 bis 1 5, welcher mit ei- 
ner diffusen Lichtquelle (5) zusammenwirkt. 

22. Gerichtete Lichtquelle nach Anspruch 21, welche 
eine linsenformige Lage (41) mit sich in Richtung 
der Streifen erstreckenden Linsen umfasst. 



Revendications 

1. Dispositif de modulation spatiale de lumiere qui 
comprend une region de modulation comprenant 

5 des elements d'image definis par des electrodes 

d'adressage (13, 15, 16, 36, 61, 62) separees par 
des intervalles (1 7 a 1 9) et des moyens pour com- 
muter la transmissivite des intervalles (1 7 a 1 9) en- 
tre les electrodes par des champs de franges et 

10 pour commuter la transmissivite des elements 
d'image, adaptes pour rendre la region de modula- 
tion commutable entre un mode transparent, dans 
lequel la region a une transmissivite sensiblement 
uniforme, et un mode barriere, dans lequel la region 

15 comporte une multiplicite de bandes transmissives 
paralleles espacees de fagon egale (15 a 19) 
s'etendant dans une premiere direction et separees 
par des sous-regions continues (20, 21) d'interval- 
les et d'elements d'image sensiblement opaques. 

20 

2. Dispositif de modulation selon la revendication 1, 
dans lequel les elements d'image comprennent des 
elements d'image allonges definis par des electro- 
des d'adressage allongees respectives qui s'eten- 

25 dent dans la premiere direction. 

3. Dispositif de modulation selon la revendication 2, 
dans lequel les elements d'images sont commuta- 
bles ensemble sur I'etat opaque pour definir les 

30 sous-regions (20, 21 ) et sont espaces les uns des 
autres pour definir les fentes transmissives. 

4. Dispositif de modulation selon la revendication 2, 
dans lequel les intervalles (1 7 a 1 9) sont commuta- 

35 bles par les moyens entre un etat transmissif et un 
etat opaque, independamment des elements d'ima- 
ge. 

5. Dispositif de modulation selon la revendication 1, 
40 dans lequel les elements d'image comprennent une 

matrice bidimensionnelle d'elements d'image, cha- 
cun des elements etant commutable de fagon inde- 
pendante entre un etat transmissif et un etat opa- 
que. 

45 

6. Dispositif de modulation selon la revendication 5, 
dans lequel les intervalles sont commutables de fa- 
gon independante entre un etat transmissif et un 
etat opaque. 

50 

7. Dispositif de modulation selon I'une quelconque 
des revendications precedentes, dans lequel un 
dispositif a cristaux liquides (2) comprend une pre- 
miere couche (14) de cristaux liquides. 

55 

8. Dispositif de modulation selon la revendication 7, 
dans lequel la premiere couche (14) comprend des 
cristaux liquides ferroelectriques. 
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9. Dispositif de modulation selon la revendication 9, 
dans lequel la premiere couche (14) comprend des 
cristaux liquides anti-ferroelectriques. 

10. Dispositif de modulation selon la revendication 7, 
dans lequel la premiere couche (14) comprend des 
cristaux liquides nematiques supertorsades. 

11. Dispositif de modulation selon Tune quelconque 
des revendications 7 a 10, dans lequel la premiere 
couche (14) comprend un colorant anisotrope. 

12. Dispositif de modulation selon Tune quelconque 
des revendications precedentes, dans lequel les 
electrodes d'adressage (13, 15, 16, 36, 60 a 62) 
constituent un agencement d'adressage de matrice 
passive. 

13. Dispositif de modulation selon Tune quelconque 
des revendications precedentes, dans lequel les 
sous-regions opaques (20, 21) sont reflechissan- 
tes. 

14. Dispositif de modulation spatiale de lumiere qui 
comprend une region de modulation comprenant 
des elements d'image definis par des electrodes 
d'adressage separees par des intervalles et des 
moyens pour commuter la transmissivite de polari- 
sation des intervalles entre les electrodes par des 
champs de franges et pour commuter la transmis- 
sivite de polarisation des elements d'image, adap- 
tes pour rendre la region de modulation commuta- 
ble entre un premier mode, dans lequel la region 
constitue une source sensiblement uniforme de lu- 
miere d'une premiere polarisation, et un second 
mode, dans lequel la region constitue une source 
de lumiere de la premiere polarisation dans une 
multiplicite de bandes paralleles espacees de faeon 
egale, et de lumiere d'une seconde polarisation, dif- 
ferent© de la premiere polarisation, dans des sous- 
regions continues qui sont formees d'elements 
d'image et d'intervalles et qui separent les bandes. 

15. Dispositif de modulation selon la revendication 14, 
dans lequel la seconde polarisation estorthogonale 
a la premiere polarisation. 

16. Dispositif d'affichage directionnel comprenant le 
dispositif de modulation (12) selon I'une quelcon- 
que des revendications precedentes cooperant 
avec un dispositif d'affichage d'image (1). 

17. Dispositif d'affichage selon la revendication 16, 
dans lequel le dispositif d'affichage d'image (1) 
comprend un autre dispositif de modulation spatiale 
de lumiere. 

18. Dispositif d'affichage selon la revendication 17, 



dans lequel I'autre dispositif de modulation spatiale 
de lumiere (1) comprend un autre dispositif a cris- 
taux liquides comprenant une seconde couche (3) 
de cristaux liquides. 

5 

19. Dispositif d'affichage selon la revendication 18, 
comprenant des premier et second substrats (12, 
1 1 ) entre lesquels est intercalee la premiere couche 
(14) et un troisieme substrat (25), la seconde cou- 

10 che (3) etant intercalee entre les second et troisie- 
me substrats (11 , 25). 

20. Dispositif d'affichage selon la revendication 18 ou 
19, lorsqu'elle ne depend pas de la revendication 

15 11, comprenant un polariseur unique (31 ) entre les 
premiere et seconde couches (14, 3). 

21. Source de lumiere directionnelle comprenant un 
dispositif de modulation (2) tel que revendique dans 

20 rune quelconque des revendications 1 a 15 coope- 
rant avec une source de lumiere diffuse (5). 

22. Source de lumiere directionnelle selon la revendi- 
cation 21, comprenant une feuille lenticulaire (41) 

25 comportant des lenticules s'etendant dans la direc- 
tion des bandes. 
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